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Abstract
We investigate Poisson-Lie duals of the η-deformed AdS2×S2×T6 superstring. The
η-deformed background satisfies a generalisation of the type II supergravity equa-
tions. We discuss three Poisson-Lie duals, with respect to (i) the full psu(1, 1|2)
superalgebra, (ii) the full bosonic subalgebra and (iii) the Cartan subalgebra,
for which the corresponding backgrounds are expected to satisfy the standard
type II supergravity equations. The metrics and B-fields for the first two cases
are the same and given by an analytic continuation of the λ-deformed model on
AdS2 × S2 × T6 with the torus undeformed. However, the RR fluxes and dila-
ton will differ. Focusing on the second case we explicitly derive the background
and show agreement with an analytic continuation of a known embedding of the
λ-deformed model on AdS2 × S2 in type II supergravity.
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1 Introduction
In this paper we continue the exploration of Poisson-Lie duals of η-deformed sigma models
initiated in [1]. In [1] we investigated the Poisson-Lie duals [2] of the η-deformation [3–5] of
the bosonic symmetric space sigma model on G/H [6] for compact groups G. Here we focus
on the η-deformation of the AdS2 × S2 × T6 superstring. To study this model we consider the
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semi-symmetric space sigma model [7, 8] on the supercoset
PSU(1, 1|2)
SO(1, 1)× SO(2) , (1.1)
and its η-deformation [9,10]. The bosonic part of this model is the symmetric space sigma model
on the coset
SU(1, 1)
SO(1, 1)
× SU(2)
SO(2)
, (1.2)
that is with target space AdS2 × S2. The semi-symmetric space sigma model then describes a
truncation of the type II Green-Schwarz superstring [11] on certain AdS2×S2×T6 supergravity
backgrounds [12]. This truncation is well-understood for both the two-dimensional worldsheet
sigma model and the supergravity background.
To define a particular η-deformation of the semi-symmetric space sigma model, we first need
to specify an antisymmetric operator R satisfying the non-split modified classical Yang-Baxter
equation on the superalgebra psu(1, 1|2). We will take this R-matrix to be given by the canonical
Drinfel’d-Jimbo solution associated to a particular Dynkin diagram and Cartan-Weyl basis of
the superalgebra.1 For such a choice of R-matrix the manifest symmetry algebra of the deformed
model is broken to the Cartan subalgebra. Together with the remaining charges, which are
hidden, the isometry algebra is q-deformed [5, 10, 14, 15] with q ∈ R depending on the string
tension and the deformation parameter η.
The Poisson-Lie duals of the η-deformed AdS2× S2×T6 superstring can be studied starting
from a model on the complexified double
PSL(2|2;C)
SO(1, 1)× SO(2) , (1.3)
following the general construction of [16], which is extended to coset spaces in [17–19]. The
model is constructed such that on integrating out the degrees of freedom associated to an ap-
propriate Borel subalgebra (that correlates with the R-matrix) we recover the η-deformation
of interest. Following the results of [1], for subalgebras g0 of psu(1, 1|2) corresponding to sub-
Dynkin diagrams we can construct subalgebras of the complexified double psl(2|2;C) whose as-
sociated degrees of freedom can be integrated out to give the Poisson-Lie dual of the η-deformed
AdS2×S2×T6 superstring with respect to g0. Any additional Cartan generators not covered by
the sub-Dynkin diagram can also be included in g0. It is likely that this is not a complete list of
possible Poisson-Lie duals of the η-deformed AdS2×S2×T6 superstring (see, for example, [20]).
In this paper we mostly work with the Dynkin diagram #−⊗−#. A discussion of the other
possible Dynkin diagrams is given in app. A. Let us briefly outline three possible Poisson-Lie
duals that one can consider based on this choice:
1The relation between η-deformations corresponding to inequivalent Cartan-Weyl bases and the associated
Drinfel’d-Jimbo R-matrices is not fully understood. These can exist for non-compact real forms of bosonic Lie
algebras and have been partially investigated for the η-deformations of the sigma model on AdS5, for which the
relevant Lie algebra is so(2, 4), in [10,13]. They can also exist for Lie superalgebras, for which there exist different
Dynkin diagrams.
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1. First, one can consider the Poisson-Lie dual with respect to the full psu(1, 1|2) superalgebra.
This model is conjectured [21–24,1,25] to be an analytic continuation of the λ-deformation
of the AdS2×S2×T6 superstring [26] (generalising the bosonic λ-deformed models of [27]),
which, following the terminology of [1] we refer to as the λ?-deformed model.
2. Second, one can take the sub-Dynkin diagram formed of the two bosonic nodes. This
corresponds to dualising with respect to the full bosonic subalgebra su(1, 1) ⊕ su(2). The
bosonic part of this model coincides with the λ?-deformed model, however they differ in
the fermionic part.
3. Finally, one can consider just the u(1) ⊕ u(1) subalgebra associated to the two Cartan
generators. This model is conjectured to be equivalent to taking the two-fold T-dual of the
η-deformed AdS2 × S2 × T6 superstring.
There is substantial evidence [28,29] that a Weyl anomaly is associated to integrating out the
degrees of freedom of a non-unimodular algebra, that is when the trace of the structure constants
is non-vanishing, fabb 6= 0. In this case, rather than solving the standard supergravity equations,
the background solves a generalisation thereof [30,31] (as discussed in the context of non-abelian
duality in [32]). These generalised supergravity equations are equivalent to the κ-symmetry of
the Green-Schwarz superstring [31]. They are also related to the standard supergravity equations
by T-dualising a supergravity background in a U(1) isometry, y → y + c, which is a symmetry
of all the fields except the dilaton, Φ ∼ y + . . . [30]. The relation with dualities has been
explored further in the context of generalised geometry, double field theory and exceptional field
theory [33,20,34].
The η-deformation of S2 [5, 15] is equivalent [35] to the sausage model of [36]. A proposal
for the η-deformation of the AdS2 × S2 × T6 supergravity background solving the generalised
supergravity equations is given in app. F of [30] (see also [37,38]). This is consistent as the Borel
subalgebra, whose degrees of freedom we integrate out to give the η-deformed AdS2 × S2 × T6
superstring, is not unimodular. For the three duals listed above the subalgebras whose degrees
of freedom we integrate out are all unimodular, and hence the corresponding backgrounds are
expected to solve the standard supergravity equations. Note that, since all three models involve
dualising in a timelike direction, these solutions may actually be of type II or II? supergravity
[39]. For the Poisson-Lie dual with respect to the full psu(1, 1|2) superalgebra, assuming the
conjectured relation to the λ-deformation [21–24], this is indeed the case [40]. It is also true for
the two-fold T-dual [22, 41, 30]. For the remaining case, we recall that an alternative, arguably
simpler, embedding of the metric of the λ-deformed model in supergravity to that of [40] is given
in [42]. The analytic continuation of this background therefore provides a natural conjecture
for the Poisson-Lie dual of the η-deformed AdS2 × S2 × T6 superstring with respect to the full
bosonic subalgebra. The main result of this paper is to confirm this proposal.
That the same metric and B-field can be supported by different RR fluxes is known in the
literature. Indeed, it is the case for the different embeddings of the metric of the λ-deformed
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model on AdS2×S2 [42,40] and is also discussed in [43] in the context of the η-deformed models.
Here, one mechanism by which this may happen, that is duality transformations with respect to
different subalgebras, is studied.
The layout of this paper is as follows. In sec. 2 we review the model on the Drinfel’d double
and the formalism for constructing Poisson-Lie dual sigma models. We then focus on the η-
deformation of the AdS2 × S2 supercoset in sec. 3, writing its action in a manifestly Poisson-Lie
symmetric form. Using these results, in sec. 4 the background of the Poisson-Lie dual with
respect to the full bosonic subalgebra is derived. In app. A we discuss the different Dynkin
diagrams of psu(1, 1|2) in the context of η-deformations and Poisson-Lie duality. In app. B and
app. C we give our conventions for the superalgebras psu(1, 1|2) and pb(1, 1|2) and 4-dimensional
and 32-dimensional gamma matrices respectively, while app. D contains technical details of the
derivation of the background of the Poisson-Lie dual with respect to the full bosonic subalgebra.
2 Poisson-Lie duality and the Drinfel’d double
The Drinfel’d double. Poisson-Lie duality [2] is a generalisation of non-abelian duality to
certain backgrounds that do not necessarily possess manifest isometries. The underlying algebraic
structure is a Drinfel’d double, defined as a 2n-dimensional real connected Lie group D whose
Lie algebra d = Lie(D) can be decomposed as
d = g⊕ g˜ , (2.1)
where g and g˜ are two n-dimensional real Lie subalgebras, maximally isotropic with respect to a
non-degenerate ad-invariant inner product β(·, ·) on d,
β(g, g) = 0 , β(g˜, g˜) = 0 . (2.2)
When d, g and g˜ are Lie superalgebras, the Z2 grading allows one to decompose them as
d = dB ⊕ dF , g = gB ⊕ gF , g˜ = g˜B ⊕ g˜F , (2.3)
where dB and dF contain the elements of grade zero and one respectively. The inner product
should also be consistent with the Z2 grading, supersymmetric
β(X,Y ) = β(Y,X) = 0 , X ∈ dB, Y ∈ dF ,
β(X,Y ) = β(Y,X) , X, Y ∈ dB ,
β(X,Y ) = −β(Y,X) , X, Y ∈ dF ,
(2.4)
and ad-invariant
β([X,Y }, Z) = β(X, [Y, Z}) , X, Y, Z ∈ d , (2.5)
where [·, ·} is the Z2-graded commutator.
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First-order action on the Drinfel’d double. As for abelian and non-abelian duality, dual
models can be obtained starting from an action for a dynamical field in the Drinfel’d double and
integrating out half the degrees of freedom. To define this first-order action on the Drinfel’d dou-
ble we extend the definition of the inner-product to the Grassmann envelope of the superalgebra
as 〈
X,Y
〉 ≡ β(X,Y ) , X, Y ∈ dB ,〈
θ1X, θ2Y
〉 ≡ c θ1θ2 β(X,Y ) , X, Y ∈ dF ,〈
X, c θ1θ2Y
〉 ≡ c θ1θ2 β(X,Y ) , X, Y ∈ dB ,
(2.6)
and so on, where θ1, θ2 are real Grassmann variables and c ∈ C is such that |c| = 1 and c θ1θ2 ∈ R.
If c is a complex number with complex conjugate c?, then we take the conjugation operation on
Grassmann variables to be given by
(cθ)? = c?θ? , (θ?)? = θ , (θ1θ2)
? = θ?2θ
?
1 , (2.7)
and correspondingly
c = i . (2.8)
The inner product between two elements of different grading vanishes. The first-order action for
the dynamical field l ∈ D that gives the Poisson-Lie dual models is [16]
SD(l) =
∫
dτdσ
[
1
2
〈
l−1∂σl, l−1∂τ l
〉− 12K(l−1∂σl)]+ WZ(l) , (2.9)
where
WZ(l) = − 112
∫
d−1
〈
l−1dl, [l−1dl, l−1dl]
〉
, (2.10)
is the standardWess-Zumino term. The quadratic formK, whose explicit form is discussed below,
is model dependent and acts on the current, which takes values in the Grassmann envelope of
the algebra d. Henceforth, we will use d, g, g˜ and so on to refer to both the algebra and its
Grassmann envelope.
Canonical Poisson-Lie duality. Starting from the action (2.9) and using the decomposition
of the Drinfel’d double (2.1), where we recall both g and g˜ are subalgebras, we recover the
Poisson-Lie dual models on G and G˜ by integrating out the degrees of freedom associated to g˜
and g respectively [16]. To obtain the explicit form of the dual models we need to specify the
action of the bilinear form K on an arbitrary element x ∈ d. Such an element admits a unique
decomposition x = y + z where y ∈ g and z ∈ g˜. Without loss of generality one may then define
the action of the bilinear form as
K(x) =
〈
z,G0z
〉
+
〈
(y +B0z), G
−1
0 (y +B0z)
〉
, (2.11)
where G0 and B0 are the symmetric and antisymmetric parts of some operator F0 : g˜ → g
with respect to the inner product
〈·, ·〉. To integrate out the degrees of freedom associated to
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g˜, we parametrise the field l ∈ D as l = g˜g, where g˜ ∈ G˜ and g ∈ G. Taking x = l−1∂σl =
g−1∂σg + Ad−1g g˜−1∂σ g˜ we then have
y = Pg g−1∂σg + Pg Ad−1g Pg˜ g˜
−1∂σ g˜ ,
z = Pg˜ Ad−1g Pg˜ g˜
−1∂σ g˜ ,
(2.12)
where Pg (respectively Pg˜) takes an element of the Drinfel’d double and projects it onto g
(respectively g˜). The operator Pg˜ Ad−1g Pg˜ is invertible on g˜ and hence it is possible to eliminate
y in favour of z,
y = Pg g−1∂σg + Pg Ad−1g Pg˜(Pg˜ Ad
−1
g Pg˜)
−1z . (2.13)
The action then becomes quadratic in z, which can be integrated out to give
SG(g) = 1
2
∫
d2σ
〈
g−1∂+g, (F0 +Π(g))−1 g−1∂−g
〉
, Π(g) = Pg Ad−1g Pg˜ Adg Pg˜ , (2.14)
where the worldsheet light-cone coordinates are defined as
σ± =
1
2
(τ ± σ) , ∂± = ∂τ ± ∂σ , d2σ = dτdσ = 2dσ+dσ− . (2.15)
To obtain the dual model, we parametrise the field l ∈ D as l = gg˜ and integrate out the degrees
of freedom associated to g. After exchanging the role of g and g˜ in the above derivation one
obtains the dual sigma model
SG˜(g˜) =
1
2
∫
d2σ
〈
g˜−1∂+g˜, (F−10 + Π˜(g˜))
−1 g˜−1∂−g˜
〉
, Π˜(g˜) = Pg˜ Ad−1g˜ Pg Adg˜ Pg .
(2.16)
The two sigma models (2.14) and (2.16) are described by the same set of equations after ap-
propriate non-local field and parameter redefinitions. The model corresponding to the action
(2.16) is said to be the dual of (2.14) with respect to g. Non-abelian duality is a special case of
Poisson-Lie duality, and corresponds to the case in which the dual algebra g˜ is abelian and hence
Π(g) = 0.
Poisson-Lie duality with respect to a subalgebra. Besides the canonical decomposition
d = g⊕ g˜ of (2.1), it is also possible to consider more general maximally isotropic decompositions
of the Drinfel’d double of the type d = k⊕ k˜ where k is not necessarily an algebra [16,3,24]. On the
other hand, k˜ is still a subalgebra of d and its associated degrees of freedom can be integrated out
to yield a model on the coset space K˜\D. Starting with the field l ∈ D parametrised as l = k˜k,
where k˜ ∈ K˜ = exp[˜k] and k ∈ K˜\D, and integrating out the degrees of freedom associated to k˜
following the steps outlined above, we find the following Lorentz-invariant action for the field k
SK˜\D(k) =
1
2
∫
d2σ
〈
k−1∂+k, (12P
rot
k˜
− 12Protk + Protk˜ (F ′0 +Π(k))−1 Protk )k−1∂−k
〉
+ WZ(k) ,
(2.17)
where
Π(k) = Pk Ad−1k Pk˜(Pk˜ Ad
−1
k Pk˜)
−1 , Protk = Pk −Π(k)Pk˜ , Protk˜ = Pk˜ +Π(k)Pk˜ .
(2.18)
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The operator F ′0 : k˜→ k is related to F0 : g˜→ g via the non-linear transformation
F ′0 = (Pg˜(1+ F
−1
0 Pg)Pk)
−1(Pg˜(1+ F−10 Pg)Pk˜) . (2.19)
In the particular case where the intersection of k˜ with g defines a common subalgebra g0 and one
has the decomposition [1, 20]
g = g0 ⊕m , g˜ = g˜0 ⊕ m˜ ,
k = g˜0 ⊕m , k˜ = g0 ⊕ m˜ ,
(2.20)
we can interpret (2.17) as the Poisson-Lie dual of the model on G with respect to g0. The
requirement that k˜ forms an algebra imposes restrictions with respect to which subalgebras it is
possible to dualise.
3 The η-deformed AdS2 × S2 supercoset
In this section we turn our attention to the η-deformed AdS2×S2×T6 superstring and its Poisson-
Lie duals. To this end we consider the η-deformed semi-symmetric space sigma model [7–10] on
the supercoset
PSU(1, 1|2)
SO(1, 2)× SO(2) , (3.1)
which we will refer to as the η-deformed AdS2×S2 supercoset model, and investigate Poisson-Lie
duals with respect to various subalgebras of psu(1, 1|2). We start by explaining how to write
the η-deformed semi-symmetric space sigma model in the manifestly Poisson-Lie symmetric form
(2.14). For this we need to specify the Drinfel’d double together with its invariant inner product,
as well as the specific form of the operator F0. We then specialise to the supercoset (3.1),
discussing the possible Poisson-Lie duals of the η-deformed AdS2 × S2 supercoset model.
3.1 The η-deformed semi-symmetric space sigma model
The action of the deformed model. Let g be an element of a supergroup G whose corre-
sponding Lie superalgebra g is basic and admits a Z4 grading consistent with the commutation
relations
g = g(0) ⊕ g(1) ⊕ g(2) ⊕ g(3) , [g(k), g(l)] ⊂ g(k+l mod 4) . (3.2)
The Z4 grading follows from the existence of a linear automorphism of the complexified super-
algebra Ω : gC → gC satisfying
Ω4 = 1 , Ω(g(k)) = ikg(k) . (3.3)
The bosonic subalgebra of g is given by g(0) ⊕ g(2), while the fermionic generators belong to
either g(1) or g(3). We introduce the projectors Pk g = g(k), k = 0, 1, 2, 3, and denote the
group corresponding to the grade 0 subalgebra by H = G(0) = exp[g(0)]. The η-deformed model
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describes a deformation of the semi-symmetric space sigma model on the supercoset G/H. Its
action is [9]
Sη(g) = T
∫
d2σ STr
(
g−1∂+g, P
1
1− 2η
1−η2 RgP
g−1∂−g
)
, (3.4)
where the supertrace STr denotes an ad-invariant and Z4 invariant bilinear form on g, which
is symmetric (respectively antisymmetric) on the bosonic (respectively fermionic) subspace of g
and hence it is symmetric on the Grassmann envelope. The operators P and Rg are given by
P = P2 +
1− η2
2
(P1 − P3) , Rg = Ad−1g RAdg , (3.5)
where the operator R satisfies the non-split modified classical Yang Baxter equation
[RX,RY ]−R([X,RY ] + [RX,Y ]) = [X,Y ] , X, Y ∈ g , (3.6)
and is antisymmetric with respect to the supertrace STr(X,RY ) = −STr(RX,Y ). We will take
this R-matrix to be given by the canonical Drinfel’d-Jimbo solution associated to a particular
Dynkin diagram and Cartan-Weyl basis of g. The overall coupling constant T plays the role
of the effective string tension and η is the deformation parameter, flipping the sign of which is
equivalent a parity transformation. The global left-acting G symmetry is broken to the Cartan
subgroup, while the right-acting gauge symmetry, g → gh, where h belongs to H, is preserved.
Poisson-Lie symmetric action. To write the action of the η-deformed semi-symmetric space
sigma model in a manifestly Poisson-Lie symmetric form, we recall that for the η-deformed models
the relevant Drinfel’d double is the complexified Lie algebra d = gC [3,21], which as a real vector
space admits the decomposition
gC = g⊕ g˜ , (3.7)
where g˜ is the Borel subalgebra, formed by the Cartan generators and the positive roots of gC.
More precisely, if {hi} (i = 1, . . . , rank d), {eM} and {fM}, (M = 1, . . . , 12(dimC d − rank d))
are the Cartan generators, positive and negative roots respectively, then the Borel subalgebra is
spanned by g˜ = {hi, eM , ieM}. Furthermore, the action of the Drinfel’d Jimbo R-matrix on the
Cartan-Weyl basis is given by
R(hi) = 0 , R(eM) = −ieM , R(fM) = ifM . (3.8)
To specify the operator F0 we introduce bases of g and g˜, denoting the generators of g
(respectively g˜) by TA, A = 1, 2, . . . ,dim G (respectively T˜A). We further assume that we
have an inner product
〈·, ·〉 on gC with respect to which the two subalgebras are isotropic,〈
TA, TB
〉
=
〈
T˜A, T˜B
〉
= 0 and that provides a canonical pairing, that is
〈
TA, T˜
B
〉
= δBA for bosonic
generators and
〈
θ1TA, θ2T˜
B
〉
= i θ1θ2δ
B
A for fermionic ones. Introducing κAB = STr(TATB) and
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the auxiliary operator
P :

TA → κBAT˜B , TA ∈ g(0) ,
TA → − i2(1− η2)κBAT˜B , TA ∈ g(1) ,
TA → κBAT˜B , TA ∈ g(2) ,
TA → i2(1− η2)κBAT˜B , TA ∈ g(3) ,
(3.9)
we define the operators FP : g˜→ g and FR : g˜→ g by
F−1P = −
2η
1− η2 lim→0P , (3.10)
and
FR(T˜
B) = FABR TA , F
AB
R = R
A
Cκ
CB , TA ∈ g(0) + g(2) ,
FR(θT˜
B) = FABR θTA , F
AB
R = iR
A
Cκ
CB , TA ∈ g(1) + g(3) ,
(3.11)
where R(TA) = RBATB and κABκBC = δAC . These operators preserve the Z2 grading of the
superalgebra. The action (3.4) of the η-deformation is then equivalent to
Sη(g) = −T 1− η
2
2η
∫
d2σ
〈
g−1∂+g, F−1P
1
Pg + (FR +Π(g))F−1P
g−1∂−g
〉
, (3.12)
which is of the form (2.14) with F0 = FP + FR.
3.2 Poisson-Lie duals of the η-deformed AdS2 × S2 supercoset
The complex Drinfel’d double. The isometry algebra of the AdS2 × S2 supercoset (3.1)
is g = psu(1, 1|2), the bosonic subalgebra of which is su(1, 1) ⊕ su(2). As discussed above,
the relevant Drinfel’d double for the η-deformed model is the complexified Lie superalgebra
d = gC = psl(2|2;C). The Drinfel’d double can be decomposed into two real subalgebras
d = psl(2|2;C) = psu(1, 1|2)⊕ pb(1, 1|2) , (3.13)
where pb(1, 1|2) is the projected Borel subalgebra spanned by the Cartan generators and positive
roots of psl(2|2;C). It will often be convenient for us to work with the superalgebra sl(2|2;C).
The superalgebra psl(2|2;C) is then obtained by quotienting out the u(1) ideal, that is we identify
elements of sl(2|2;C) that differ by the central element.
At this point let us make a brief comment on the different Dynkin diagrams of sl(2|2;C).
In general, for Lie superalgebras there are inequivalent choices for the set of Cartan generators
and simple roots, where the latter can either be bosonic or fermionic. Since the Drinfel’d Jimbo
R-matrix (3.8) is defined by its action on the Cartan generators and roots, it is possible that
different choices of Dynkin diagrams and Cartan-Weyl bases define inequivalent deformations.
The three Dynkin diagrams of sl(2|2;C) are # − ⊗ − #, ⊗ − # − ⊗ and ⊗ − ⊗ − ⊗, where #
represents a bosonic root and ⊗ a fermionic root. In this paper we will focus on the distinguished
Dynkin diagram #−⊗−#. A discussion of the other choices is given in app. A.
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Matrix realisation. For calculations we will use a given matrix realisation of the superalgebras
psu(1, 1|2;C) and pb(1, 1|2;C), which is presented explicitly in app. B. The generators of the
grade 0 subalgebra h = so(1, 1)⊕so(2) are denoted J01 and J23 respectively, while the remaining
bosonic generators are denoted Pa, with a = 0, 1 for su(1, 1) and a = 2, 3 for su(2). The
supercharges are denoted by QIαˇαˆ where I = 1, 2 is the grading, αˇ = 1, 2 is the su(1, 1) index
and αˆ = 1, 2 the su(2) index. The dual generators P˜ a, J˜ab, Q˜Iαˇαˆ are then identified using the
inner product 〈·, ·〉 = − Im STr(·, ·) . (3.14)
The positive roots span the upper triangular matrices such that on an arbitrary 4×4 matrix M ,
the Drinfel’d Jimbo R-matrix (3.8) acts as
R(M)ij = −iijMij , ij =

1 if i < j
0 if i = j
−1 if i > j
. (3.15)
Poisson-Lie duals and unimodularity. The background of the η-deformed AdS2 × S2 ×T6
superstring has a non-vanishing, albeit closed, B-field, together with a three-form and five-form
RR flux [30, 38].2 This background does not solve the standard supergravity equations, rather
a generalisation thereof [30, 31]. In the context of the first-order action on the Drinfel’d double
and duality, the corresponding Weyl anomaly is expected to be associated to integrating out the
degrees of freedom of a non-unimodular algebra, that is when the trace of the structure constants
is non-vanishing, fabb 6= 0. Indeed, when starting from the first-order action on the Drinfel’d
double, the η-deformed model is obtained by integrating out the degrees of freedom associated
to the projected Borel algebra pb(1, 1|2), which is indeed non-unimodular.
As the background of the η-deformed AdS2 × S2 × T6 superstring solves the generalised
supergravity equations, the Weyl anomaly is of a particularly special type. As a result, the
background of the η-deformed model is expected to be related to solutions of the standard
supergravity equations by Poisson-Lie duality. These dual models are given by integrating out
the degrees of freedom of unimodular algebras in the model on the Drinfel’d double. We finish
this section by listing three examples of such Poisson-Lie duals of the η-deformed AdS2 × S2
supercoset and describe the associated unimodular subalgebras of psl(2|2;C).
1. First, it is possible to dualise with respect to the full superalgebra psu(1, 1|2). In this case
one integrates out the degrees of freedom associated to psu(1, 1|2), a unimodular algebra. In
the terminology of [1] this gives the λ?-deformed model and is conjectured to be an analytic
continuation of the λ-deformation [21–24, 1, 25]. The background of the λ-deformation of
the AdS2×S2×T6 superstring has been derived in [40]. It has a vanishing B-field and the
metric is supported by a RR five-form flux and dilaton giving a solution of the standard
supergravity equations.
2Note that in the explicit formulae given in app. F of [30] a gauge transformation has been used to set the
B-field to vanish.
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2. Second, as we are considering the distinguished Dynkin diagram # − ⊗ − #, the results
of [1] tell us that we can dualise with respect to the full bosonic subalgebra of psu(1, 1|2),
that is su(1, 1)⊕ su(2), by considering the sub-Dynkin diagram formed of the two bosonic
nodes. In this case the degrees of freedom that are integrated out are associated to the
algebra k˜ = su(1, 1) ⊕ su(2) ⊕ {Q˜Iαˇαˆ}, where {Q˜Iαˇαˆ} are the dual fermionic generators,
that is the positive fermionic roots. Since this is also a unimodular algebra we expect the
resulting background to again solve the standard supergravity equations.
The bosonic part of this model, and hence the metric and B-field, coincides with the λ?-
deformation. However, they differ in the fermionic part. In [42] an alternative embedding
of the metric of the λ-deformed AdS2×S2×T6 superstring in supergravity was given. The
metric is again supported by a RR five-form flux and dilaton, however these are different
to those found in [40]. In sec. 4 we show that this background corresponds to an analytic
continuation of the Poisson-Lie dual of the η-deformed AdS2 × S2 × T6 superstring with
respect to the full bosonic subalgebra.
3. Finally, we consider the two-fold T-dual of the η-deformed AdS2×S2 supercoset, equivalent
to dualising with respect to the u(1)⊕ u(1) Cartan subalgebra of psu(1, 1|2). As discussed
in detail for the bosonic case in [1], one can show that the algebra whose degrees of freedom
are integrated out is unimodular. Accordingly, the background of the two-fold T-dual of
the η-deformed AdS2 × S2 × T6 superstring solves the standard supergravity equations,
again supported by a RR five-form flux and dilaton [22,41,30].
As shown in [22] and [40] respectively, the two-fold T-dual can be found by analytically
continuing and taking a scaling limit of the backgrounds of [42] and [40]. The analytic
continuation amounts to considering the reality conditions relevant for the η-deformed
models, and hence the two-fold T-dual should be given by a real scaling limit of the two
Poisson-Lie duals of the η-deformed AdS2 × S2 × T6 superstring discussed above.
These three examples of Poisson-Lie duals of the η-deformed AdS2 × S2 × T6 superstring all
involve dualising in a timelike direction. Abelian T-duality in a timelike direction maps solutions
of type II supergravity to solutions of type II? [39]. As Poisson-Lie duality is a generalisation
of abelian T-duality, the corresponding backgrounds are expected to solve the standard type II?
supergravity equations.
4 Poisson-Lie duality with respect to the full bosonic subalgebra
In this section we derive the background of the Poisson-Lie dual of the η-deformed AdS2×S2×T6
superstring with respect to the full bosonic subalgebra su(1, 1)⊕ su(2). We start from the first-
order action on the Drinfel’d double (2.9) with F0 = FP + FR defined in eqs. (3.10) and (3.11).
We then consider the decomposition (2.20) with
g0 = gB = su(1, 1)⊕ su(2) , m = gF = {QIαˇαˆ} , (4.1)
12
and integrate out the degrees of freedom associated to the algebra k˜ = g0 ⊕ m˜, where m˜ is
spanned by the positive fermionic roots. These degrees of freedom are associated to a unimodular
algebra and hence the corresponding background is expected to solve the standard supergravity
equations. Expanding the action (2.17) to quadratic order in fermions, we rewrite it in Green-
Schwarz form and extract the background fields. The resulting background indeed solves the
standard supergravity equations and, as conjectured, is given by an analytic continuation of that
constructed in [42].
4.1 Parametrisation
In order to Poisson-Lie dualise with respect to the full bosonic subalgebra gB = su(1, 1)⊕su(2) we
need to find a suitable parametrisation of the field k ∈ K˜\D/H appearing in the action. Starting
with a group-valued field k ∈ D = PSL(2|2;C) and using the fermionic part of the left-acting K˜
gauge symmetry we partially gauge fix
k = g˜0 exp[θ
IαˇαˆQIαˇαˆ] , (4.2)
where
g˜0 ∈ GB\DB/H = (SU(1, 1)× SU(2))\(SL(2;C)× SL(2;C))/(SO(1, 1)× SO(2)) . (4.3)
To gauge fix g˜0 we write g˜0 = gˇ0 ⊕ gˆ0, where gˇ0 corresponds to the AdS2 factor and gˆ0 to the S2
factor and gauge fix in each sector separately.
Gauge fixing in the S2 sector. Let us introduce the generators SA and S˜A, A = 4, 5, 6,
defined in terms of the Cartan generator h = σ3 and the simple roots e = σ+, f = σ− of sl(2;C)
as
S4 = i(e+ f) , S5 = −(e− f) , S6 = ih ,
S˜4 = (e+ f)/2 , S˜5 = −i(h− e+ f)/2 , S˜6 = (h− e+ f)/2 .
(4.4)
The right-acting gauge symmetry is generated by S4, the adjoint action of which rotates S˜5 and
S˜6 amongst themselves. Therefore, using this right-acting gauge symmetry together with the
left-acting gauge symmetry generated by {S4, S5, S6}, we can partially gauge fix
gˆ0 ∈ exp[{S5, S˜4, S˜6}] ∈ SO(2)\SL(2;R) , (4.5)
where the residual left-acting gauge symmetry is generated by S5. Using this residual gauge
freedom we choose the familiar parametrisation of this coset
gˆ0 = exp[φ5e] exp[φ4h/2] , (4.6)
which in terms of the generators {P˜ 2, P˜ 3, J˜23} defined in app. B is given by
gˆ0 = exp[−φ5J˜23] exp[−φ4P˜ 2] . (4.7)
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Gauge fixing in the AdS2 sector. For the AdS2 sector we introduce the following generators
{SA, S˜A}, A = 1, 2, 3, of sl(2;C)
S1 = −(e+ f) , S2 = i(e− f) , S3 = ih ,
S˜1 = i(e+ f)/2 , S˜2 = i(h− i(e− f))/2 , S˜3 = −(h+ i(e− f))/2 .
(4.8)
Here the right-acting gauge symmetry is generated by S1, the adjoint action of which hyperbol-
ically rotates S˜2 and S˜3 amongst themselves, while the left-acting gauge symmetry is generated
by {S1, S2, S3}. Following the same logic as for the S2 sector we find it is possible to gauge fix
gˇ0 = exp[φ2ie] exp[φ1h/2] , (4.9)
which in terms of the generators {P˜ 0, P˜ 1, J˜01} defined in app. B is given by
gˇ0 = exp[−φ2J˜01] exp[φ1P˜ 0] . (4.10)
Full parametrisation. Finally, our parametrisation of the field k ∈ K˜\D/H is given by
k = g˜0 exp[θ
IαˇαˆQIαˇαˆ] , (4.11)
with
g˜0 = exp[−φ2J˜01] exp[φ1P˜ 0]⊕ exp[−φ5J˜23] exp[−φ4P˜ 2] . (4.12)
4.2 NSNS background
The NSNS fields (the metric and the B-field) are obtained by setting the fermions in the action
(2.17) to zero and considering the bosonic Lagrangian3
L0 = − T
κ
〈
g˜−10 ∂+g˜0, (F
−1
0 +Π(g˜))
−1g˜−10 ∂−g˜0
〉
, (4.13)
which corresponds to the Lagrangian of the λ?-deformation of the bosonic sigma model on
AdS2 × S2 and we have introduced the deformation parameter [15]
κ =
2η
1− η2 . (4.14)
Using the parametrisation (4.12) we find the following metric
2T−1ds2 =
1
κ2
(
− dφ21 +
4(e2φ1κ2 − φ22)
(1− e2φ1 − φ22)2
dφ22 −
4φ2dφ1dφ2
1− e2φ1 − φ22
)
+
1
κ2
(
dφ24 +
4(e2φ4κ2 + φ25)
(1− e2φ4 + φ25)2
dφ25 −
4φ5dφ4dφ5
1− e2φ4 + φ25
)
,
(4.15)
3In our conventions the bosonic part of the action is related to the metric by
S =
∫
d2σL0 =
∫
d2σGMN∂+X
M∂−X
N ,
and the line element is ds2 = GMNdXMdXN . That is the tension T is included in the metric.
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The B-field vanishes. After the coordinate redefinition4
φ1 = log |pˇ−
√
pˇ2 + qˇ2 − 1 | , φ2 = qˇ , pˇ2 + qˇ2 > 1 ,
φ4 = log |pˆ−
√
pˆ2 − qˆ2 − 1 | , φ5 = qˆ , pˆ2 − qˆ2 > 1 ,
(4.16)
the metric becomes conformally flat,
2T−1ds2 =
1
κ2
1
pˇ2 + qˇ2 − 1
(
− dpˇ2 + κ2dqˇ2
)
+
1
κ2
1
pˆ2 − qˆ2 − 1
(
dpˆ2 + κ2dqˆ2
)
. (4.17)
We also introduce the vielbein
Epˇ 0 =
1
κ
√
T
2
1√
pˇ2 + qˇ2 − 1 , Eqˇ 1 =
√
T
2
1√
pˇ2 + qˇ2 − 1 ,
Epˆ 2 =
1
κ
√
T
2
1√
pˆ2 − qˆ2 − 1 , Eqˆ 3 =
√
T
2
1√
pˆ2 − qˆ2 − 1 ,
(4.18)
satisfying GMN = EMaENbηab. The spin connection, which we will need to obtain the RR fields,
is given in terms of the vielbein
ωMab =
1
2
EN b(∂MENa − ∂NEMa)
− 1
2
ENa(∂MENb − ∂NEMb) + 1
2
ERaE
S
b(∂RESc − ∂SERc)EM c ,
(4.19)
and has the following non-vanishing components
ωpˇ01 = +
1
κ
qˇ
pˇ2 + qˇ2 − 1 , ωqˇ01 = +κ
pˇ
pˇ2 + qˇ2 − 1 ,
ωpˆ23 = − 1
κ
qˆ
pˆ2 − qˆ2 − 1 , ωqˆ23 = −κ
pˆ
pˆ2 − qˆ2 − 1 .
(4.20)
Relation to the metric of the λ-deformed model on AdS2 × S2. The metric (4.17) is
related to the metric of the λ-deformed model on AdS2× S2 by an analytic continuation of both
the parameters and the coordinates [22,17,19]. Applying the transformation rules of [22]
T =
kκ
ipi
, κ = i
1− λ2
1 + λ2
, qˇ → iqˇ , qˆ → iqˆ , (4.21)
we find the following metric
2pik−1ds2 =
1
1− pˇ2 + qˇ2
(
− 1 + λ
2
1− λ2 dpˇ
2 +
1− λ2
1 + λ2
dqˇ2
)
+
1
1− pˆ2 − qˆ2
( 1 + λ2
1− λ2 dpˆ
2 +
1− λ2
1 + λ2
dqˆ2
)
.
(4.22)
This is precisely the metric of the λ-deformed model on AdS2 × S2 given in [42],
ds2 = k˜
( 1− λ˜
1 + λ˜
(− coth2 ρdt2 + dρ2) + 4λ˜
1− λ˜2 (cosh t dρ+ sinh t coth ρdt)
2
)
+ k˜
( 1− λ˜
1 + λ˜
(cot2 ω dφ2 + dω2) +
4λ˜
1− λ˜2 (cosφ dω + sinφ cotω dφ)
2
)
,
(4.23)
where
k˜ =
k
2pi
, λ˜ = λ2 . (4.24)
and the coordinates are related as
pˇ = cosh ρ cosh t , qˇ = cosh ρ sinh t , pˆ = cosω cosφ , qˆ = cosω sinφ . (4.25)
4The redefinitions φ1 = log |pˇ+
√
pˇ2 + qˇ2 − 1 | and φ4 = log |pˆ+
√
pˆ2 − qˆ2 − 1 | give the same result.
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4.3 RR background
To obtain the RR fluxes we rewrite the deformed AdS2 × S2 supercoset sigma model in Green-
Schwarz form. The supercoset sigma model has 4 bosonic and 8 fermionic fields compared to
the 10 bosonic and 32 fermionic of the type II Green-Schwarz superstring sigma model. In this
subsection we describe a consistent truncation of the latter that can be matched with the former
to quadratic order in fermions. This in turn allows us to derive the RR fluxes of the Poisson-Lie
dual of the η-deformed AdS2 × S2 × T6 superstring with respect to the full bosonic subalgebra
su(1, 1)⊕ su(2).
4.3.1 Truncation of the Green-Schwarz action
To embed the 4 dimensions of the λ?-deformed model on AdS2×S2 (4.17) into 10 dimensions we
take the remaining six dimensions to simply be a flat torus, T6, so that the full 10-dimensional
metric is (i = 4, 5, 6, 7, 8, 9)
ds2 =
T
2κ2
1
pˇ2 + qˇ2 − 1
(
− dpˇ2 + κ2dqˇ2
)
+
T
2κ2
1
pˆ2 − qˆ2 − 1
(
dpˆ2 + κ2dqˆ2
)
+ dXidX
i . (4.26)
For the truncation of the fermionic fields [12, 40] let us start with the action of the type IIB
Green-Schwarz superstring at quadratic order in fermions5
S = i
2
√
T
2
∫
d2σ Θ¯I
(
σαβ1 δ
IJ + αβσIJ3
)
EαAΓ
ADJKβ Θ
K , (4.27)
where
DJKβ = δ
JK
(
∂β − 1
4
ωβABΓ
AB
)
+
1
8
σJK3 EβAH
ABCΓBC +
1
8
SJKEβAΓ
A , (4.28)
SJK = −eΦ(JKΓAFA + 1
3!
σJK1 Γ
ABCFABC +
1
2 · 5! 
JKΓABCDEFABCDE
)
. (4.29)
The action is written in conformal gauge with α, β = +,− and the worldsheet light-cone coordi-
nates defined in eq. (2.15). The (rescaled) conformal gauge metric and two-index antisymmetric
tensor are given by σ+−1 = σ
−+
1 = 
+− = −−+ = 1. EαA and ωαAB are the pullbacks of the viel-
bein and corresponding spin connection to the worldsheet, H is the field strength of the B-field,
Φ is the dilaton and FA, FABC and FABCDE are the RR fluxes.
It is useful to split the tangent space index A = 0, 1, 2, . . . , 9 into an index a = 0, 1, 2, 3
covering the AdS2 × S2 directions and an index i = 4, 5, 6, 7, 8, 9 covering the torus directions.
As we are considering the type IIB superstring, the two 32-components spinors ΘI , I = 1, 2 are
both Weyl spinors of the same chirality (Γ 11Θ1 = Γ 11Θ2) and satisfy the Majorana condition6
Θ¯I = (ΘI)†Γ 0 = (ΘI)tC . (4.30)
5Since we are primarily interested in extracting the RR background fields we only consider the action of the
Green-Schwarz superstring up to quadratic order in the fermions. Note that the overall factor is proportional to√
T as the metric (4.17) and vielbein (4.18) contain a factor of T and
√
T respectively.
6See app. C for the definitions and properties of the gamma matrices and the charge conjugation matrix C.
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The deformed supercoset sigma model has 8 fermionic fields compared to the 32 of the Green-
Schwarz action. In order to rewrite the action in Green-Schwarz form we embed two 4-component
fermions θˆI into the two 32-component spinors
ΘI =
(
1
0
)
⊗ θˆI ⊗

a(I)
b(I)
c(I)
d(I)
 , Θ¯I =
(
0 1
)
⊗ ¯ˆθI ⊗
(
a?(I) b
?
(I) c
?
(I) d
?
(I)
)
, (4.31)
where the complex numbers a(I), b(I), c(I) and d(I) may take different values depending on the
grading. Note that for our choice of gamma matrices the 32-component spinors are of negative
chirality, Γ 11ΘI = −ΘI . A priori, there is a non-trivial coupling between the spinors and the torus
directions giving rise to terms such as Θ¯∂XiΘ. Such terms should not survive the truncation
since they do not appear in the deformed supercoset sigma model. Requiring that this is indeed
the case constrains the complex numbers a(I), b(I), c(I) and d(I).
To find the complex numbers we assume that the deformed model is supported only by a
self-dual RR five-form flux of the form
F5 =
1
2
(1 + ?)F2 ∧ ReΩ3 , (4.32)
where Ω3 = ı˜˜k˜dZ
ı˜ ∧ dZ ˜ ∧ dZ k˜ is the holomorphic three-form on the torus,7 F2 = 12FabEa ∧Eb
and ? is the 10-dimensional Hodge dual8 squaring to one, ?2 = +1. With this ansatz
SIJ = − 1
2 · 5! 
IJeΦFABCDEΓ
ABCDE = − 1
2
IJeΦFabΓ
abΓ 468P4(1+ Γ 11) , (4.33)
where
P4 = 1
4
(1− Γ 4567 − Γ 4589 − Γ 6789) , (4.34)
is a projector, (P4)2 = P4, that can be used to decompose the 32-component spinors
ΘI⊥ = (1− P4)ΘI , ΘI‖ = P4ΘI . (4.35)
The additional properties
Pt4 = P4 , [P4, C] = 0 , [P4, Γ a] = 0 , [P4, Γ 468] = 0 , [P4, Γ 11] = 0 , P4Γ iP4 = 0 ,
(4.36)
then imply that there are no linear terms in {Θ⊥, Xi} in the Green-Schwarz action. It thus
follows that setting Xi = ΘI⊥ = 0 is a consistent truncation. As can be seen from the explicit
form of P4
P4 = 1
4
1⊗ 1⊗ 1⊗ (1⊗ 1−
∑
ι=1,2,3
σι ⊗ σι) , (4.37)
7The complex coordinates are chosen to be Z1 = X4 + iX5, Z2 = X6 + iX7 and Z3 = X8 + iX9.
8The Hodge dual is defined such that
?(dXA0 ∧ dXA1 ∧ dXA2 ∧ dXA3 ∧ dXA4) = A0A1A2A3A4A5A6A7A8A9dXA5 ∧ dXA6 ∧ dXA7 ∧ dXA8 ∧ dXA9 ,
with 0123456789 = +1.
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setting ΘI⊥ = 0 imposes conditions on the complex numbers a(I), b(I), c(I) and d(I). In particular,
these are satisfied when a(I) = d(I) = 0, c(I) = −b(I). Henceforth, we will consider this truncation
and take the 32-component spinors and their Dirac conjugates to be
ΘI = b(I)
(
1
0
)
⊗ θˆI ⊗

0
+1
−1
0
 , Θ¯I = b?(I)
(
0 1
)
⊗ ¯ˆθI ⊗
(
0 +1 −1 0
)
. (4.38)
Using the 32-dimensional gamma matrices given in app. C we have
Θ¯IΓ aΘJ = 2b?(I)b(J)
¯ˆ
θIγaθˆJ , Θ¯IΓ aΓ bcΘJ = 2b?(I)b(J)
¯ˆ
θIγaγbcθˆJ ,
Θ¯IΓ iΘJ = 0 , Θ¯IΓ iΓ bcΘJ = 0 ,
(4.39)
and the Lagrangian of the Green-Schwarz action can be rewritten
LˆGS = i
√
T
2
b?(I)b(J)
¯ˆ
θI(σαβ1 δ
IJ + αβσIJ3 )Eαaγ
a
(
∂β − 1
4
ωβbcγ
bc
)
θˆJ
− i
16
√
T
2
Θ¯I‖(σ
αβ
1 δ
IJ + αβσIJ3 )
JKeΦEαaΓ
aFbcΓ
bcΓ 468EβdΓ
dΘK‖ .
(4.40)
Finally, let us comment on the reality condition satisfied by the 4-dimensional fermions θˆI .
The Majorana condition (4.30) implies
(θˆI)† =
b(I)
b?(I)
(θˆI)t . (4.41)
The two fermions can thus have different reality conditions depending on the choice of the
complex numbers b(I). We will choose to work with
b(1) =
i√
2
, b(2) =
1√
2
, (4.42)
such that the Majorana condition becomes
(θˆ1)† = −(θˆ1)t , (θˆ2)† = (θˆ2)t . (4.43)
4.3.2 Field redefinitions
To match the form of the Green-Schwarz Lagrangian (4.40) we start by parametrising the field
k of the deformed supercoset sigma model as in eq. (4.11) and expand the action (2.17) up to
quadratic order in the fermions. We also use the Polyakov-Wiegmann identity to reduce the
Wess-Zumino term to a two-dimensional integral. The resulting Lagrangian
L = L0 + L∂ + Lm + L∂∂ , (4.44)
consists of four distinct parts: L0 ∼ ∂X∂X is the bosonic Lagrangian giving rise to the metric
of the λ?-deformed model and is discussed in subsec. 4.2, L∂ ∼ ∂Xθ∂θ contains the terms with
one derivative acting on the fermions, Lm ∼ ∂X∂Xθθ are the fermion “mass” terms and finally
L∂∂ ∼ ∂θ∂θ.
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Field redefinitions are needed to rewrite L∂ , Lm and L∂∂ in Green-Schwarz form, in particular
matching the consistent truncation (4.40). In app. D we show that L∂∂ is a total derivative and
thus can be ignored. We then focus on two types of transformations, namely shifts of the
bosons X → X + θs(X)θ and rotations of the fermions θ → r(X)θˆ, which lead to the following
modifications
L0 → L0 + (δL0)∂ + (δL0)m , L∂ → Lˆ∂ + (δL∂)m , Lm → Lˆm . (4.45)
Therefore, we would like to find functions s(X) and r(X) such that
Lˆ∂ + (δL0)∂ = Lˆ∂GS , Lˆm + (δL0)m + (δL∂)m = LˆmGS , (4.46)
where the equalities hold up to total derivatives.
In order to find the exact functions s(X) and r(X) satisfying these conditions we follow the
procedure outlined in [44]. All terms quadratic in the fermions contributing to the Lagrangian
can be classified according to their symmetry properties under the exchange of the two fermions.
At quadratic order in fermions the Lagrangian can be written as L = L+ + L−, where L+ and
L− contain the terms with the symmetry property
L± ⊃ θIf IJ± λJ = ±λIf IJ± θJ . (4.47)
In the above expression the sum over the spinor indices is understood: f IJ± are 4 × 4 matrices
depending on the bosons. In particular, this decomposition can be applied to the terms containing
one derivative acting on the fermions, L∂ = L∂+ +L∂−. In the Green-Schwarz Lagrangian we have
that Lˆ∂GS+ = 0, that is the Lagrangian only contains terms with the symmetry property
θIf IJ− ∂θ
J = −∂θIf IJ− θJ . (4.48)
Having identified the contributions to L∂± we use a field redefinition to set L∂+ equal to zero.
Observing that rotating the fermions does not affect the symmetry property,
L∂+ → Lˆ∂+ , L∂− → Lˆ∂− , (4.49)
this can only be achieved with a shift of the bosons and fixes for us the function s(X). Finally,
the rotation of the fermions is implemented to rewrite the remaining terms in L∂ in Green-
Schwarz form. More details, including the exact field redefinitions r(X) and s(X), are presented
in app. D. After using the field redefinitions we find that the conditions (4.46) are satisfied, the
Lagrangian takes precisely the form of the Green-Schwarz Lagrangian (4.40) and we can easily
read off the RR fluxes, or more precisely the combination eΦF .
4.3.3 RR Fluxes
Comparing with the form of the Green-Schwarz Lagrangian (4.40) we find that the only necessary
components of the two-form F2 in eq. (4.32) are√
T
2
F12 = −
√
T
2
F21 = −2i
√
1 + κ2 e−Φ , (4.50)
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which leads to the following RR five-form flux√
T
2
F5 = −i
√
1 + κ2 e−Φ(1 + ?)E1 ∧ E2 ∧ ReΩ3 . (4.51)
This flux is imaginary, a consequence of the fact that we have dualised in a timelike direction
and are now strictly speaking in type IIB? supergravity [39]. Since the two spinors ΘI satisfy the
Majorana condition, this implies that the corresponding action of the Green-Schwarz superstring
is not real. However, the Poisson-Lie dual of the η-deformed AdS2 × S2 supercoset has a real
action. This discrepancy comes from the rotation of the fermions θI = U IJ θˆJ , where θI are the
real 4-dimensional fermions appearing in the deformed supercoset model via the parametrisation
(4.11), U IJ is the rotation matrix used to rewrite the action in Green-Schwarz form and the
4-dimensional fermions θˆI are related to the 32-components spinors ΘI as in eq. (4.31). When
choosing the particular coefficients (4.42) the Majorana condition implies the reality conditions
(4.43) for the 4-dimensional fermions θˆI : θˆ1 is imaginary and θˆ2 is real. However, the rotation
matrix U IJ defined in eq. (D.20) has only real entries and thus we identify a real and an imaginary
fermion, thereby breaking the reality condition.
Implementing the transformation rules (4.21) and (4.24) we find
√
k˜ F5 = −
√
4λ˜
1− λ˜
e−Φ√
pˇ2 − qˇ2 − 1
√
pˆ2 + qˆ2 − 1 (1 + ?) dqˇ ∧ dpˆ ∧ ReΩ3 ,
(4.52)
which is precisely the RR five-form flux supporting the metric of the λ-deformed model on
AdS2 × S2 × T6 found in [42].
In conclusion, the Poisson-Lie dual of the η-deformed AdS2×S2×T6 superstring with respect
to the full bosonic subalgebra su(1, 1)⊕ su(2), with metric (4.26) and RR five-form flux (4.51),
solves the standard supergravity equations with the dilaton given by [42]
eΦ =
1√
pˇ2 + qˇ2 − 1
√
pˆ2 − qˆ2 − 1 . (4.53)
5 Concluding comments
In this paper we have investigated Poisson-Lie duals of the η-deformed AdS2×S2×T6 superstring.
While the background of the η-deformed AdS2 × S2 × T6 superstring satisfies a generalisation
of the standard supergravity equations, here we have discussed three Poisson-Lie duals, with
respect to (i) the full psu(1, 1|2) superalgebra, (ii) the full bosonic subalgebra and (iii) the
Cartan subalgebra, for which the corresponding backgrounds are expected to satisfy the stan-
dard supergravity equations. Focusing on the second case we explicitly derived the background,
showing agreement with the embedding of the metric of the λ-deformed model on AdS2 × S2 in
supergravity given in [42] up to an analytic continuation.
There are various interesting open questions extending and developing the results presented
here. Firstly, it would also be useful to confirm some of the remaining conjectures summarised
in this paper and extend the results to other backgrounds. This includes explicitly checking
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that Poisson-Lie dualising with respect to the full psu(1, 1|2) superalgebra gives the background
of [40] up to analytic continuation and dualising with respect to the Cartan subalgebra gives the
two-fold T-dual of [22, 41, 30]. Furthermore, candidates for the background of the Poisson-Lie
dual of the η-deformed AdS3×S3×T4 and AdS5×S5 superstrings with respect to the full bosonic
subalgebras are given in [42] and [45] respectively, up to analytic continuation.
It is highly probable that the backgrounds discussed in this paper define integrable 2-
dimensional sigma models. The results of [46] together with the integrability of the η-deformed
principal chiral, symmetric space sigma and semi-symmetric space sigma models [4, 9, 5] sug-
gest that their Poisson-Lie duals are also integrable. It is important to point out that the
semi-symmetric space sigma model on the supercoset (1.1) is a truncation of the type II Green-
Schwarz superstring on certain AdS2 × S2 ×T6 backgrounds. The integrability of the latter was
demonstrated to quadratic order in fermions in [47]. In principle, for a complete analysis of
integrability, this analysis should be extended to the deformed backgrounds.
As well as exploring deformations of other AdS2 integrable string backgrounds [8, 48], it
would be interesting to consider some of the ways integrability has been used to study the η- and
λ-deformed AdS5× S5 superstrings in the context of the η-deformed AdS2× S2×T6 superstring
and its Poisson-Lie duals. This includes the light-cone gauge S-matrix [49, 15, 44], which should
be a deformation of the S-matrix of [50], and the associated finite-size spectrum [51–53]. Another
direction would be to investigate how the analysis of the solitons in the λ-deformed AdS5 × S5
superstring [54] is modified when considering the Poisson-Lie dual of the η-deformation with
respect to either the full superalgebra (that is the λ?-deformed model, an analytic continuation
of the λ-deformed model) or the full bosonic subalgebra. This is of relevance to both the AdS5×S5
and AdS2 × S2 ×T6 cases. One could also ask how the q-deformed symmetry of the η-deformed
model [5, 10, 14, 15] and the contraction limits (that is the maximal deformation, η → 1, limit)
of [52, 55] behave under Poisson-Lie duality.
Finally, while there has been much study of quantum aspects of Poisson-Lie duality, as well
as its interplay with supergravity and generalised geometry, including, for example, [29, 56, 20],
a systematic understanding of the model on the Drinfel’d double in the path integral and the
Weyl anomaly associated to integrating out the degrees of freedom of a non-unimodular algebra,
as given for non-abelian duality in [28], remains to be found.
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A Dynkin diagrams of sl(2|2;C)
The Lie superalgebra sl(2|2;C) admits three Dynkin diagrams
#−⊗−# , ⊗−#−⊗ , ⊗−⊗−⊗ , (A.1)
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where # denotes a bosonic root and ⊗ a fermionic root. In this appendix we present the sl(2|2;C)
superalgebra and for each Dynkin diagram give a Cartan-Weyl basis, the corresponding Cartan
matrix and discuss the unimodularity properties of the Borel subalgebra spanned by the Cartan
generators and positive roots.
The sl(2|2;C) superalgebra. The bosonic subalgebra of sl(2|2;C) is sl(2;C) ⊕ sl(2;C) ⊕
gl(1;C) for which we introduce the corresponding generators K0,K±, L0,L± and C0. We also
introduce the eight supercharges Q±αˇαˆ where αˇ = ± is the spinor index associated to the first
copy of sl(2;C) and αˆ = ± to the second. The first index corresponds to the splitting of the
supercharges under the gl(1;C) outer automorphism generated by R
[R,Q±αˇαˆ] = ±12Q±αˇαˆ . (A.2)
The non-vanishing commutation relations are
[K0,K±] = ±K± , [K+,K−] = 2K0 , [K0,Qβ±αˆ] = ±12Qβ±αˆ , [K±,Qβ∓αˆ] = Qβ±αˆ ,
[L0,L±] = ±L± , [L+,L−] = 2L0 , [L0,Qβαˇ±] = ±12Qβαˇ± , [L±,Qβαˇ∓] = Qβαˇ± ,
(A.3)
while the non-vanishing anticommutation relations for the supercharges read
{Q+±+,Q−±−} = ±K± , {Q−±+,Q+±−} = ∓K± , {Q±+±,Q∓−∓} = −K0 ± L0 ∓ C0 ,
{Q++±,Q−−±} = ∓L± , {Q−+±,Q+−±} = ±L± , {Q∓+±,Q±−∓} = +K0 ∓ L0 ∓ C0 ,
(A.4)
and the central element C0 commutes with all generators.
Cartan-Weyl basis. The three Dynkin diagrams of sl(2;C) (A.1) correspond to inequivalent
sets of simple roots. To identify the roots, let us introduce a generic Cartan-Weyl basis for
sl(2|2;C) composed of the three Cartan generators {hi} and the positive {ei} and negative {fi}
simple roots satisfying the defining relations
[hi, ej ] = aijej , [hi, fj ] = −aijfj , [ei, fj} = δijhj , (A.5)
where aij is the symmetrised Cartan matrix. The non-simple roots {eM} are given by
e12 = [e1, e2} , e23 = [e2, e3} , e123 = [e1, [e2, e3}} ,
f21 = [f2, f1} , f32 = [f3, f2} , f321 = [f3, [f2, f1}} .
(A.6)
The Borel subalgebra is generated by
{hi, eM , ieM} . (A.7)
Dynkin diagrams.
1. #−⊗−#
In this case there are two bosonic simple roots and one fermionic. A choice of Cartan
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generators and positive and negative simple roots is
h1 = +2K0 , e1 = −K− , f1 = +K+ ,
h2 = −K0 − L0 − C0 , e2 = +Q++− , f2 = −Q−−+ ,
h3 = +2L0 , e3 = +L+ , f3 = +L− ,
(A.8)
with the corresponding symmetrised Cartan matrix given by
−2 +1 0
+1 0 −1
0 −1 +2
 . (A.9)
The non-simple roots are
e12 = −Q+−− , e23 = −Q+++ , e123 = +Q+−+ ,
f21 = +Q−++ , f32 = −Q−−− , f321 = +Q−+− .
(A.10)
The Borel subalgebra (A.7) is non-unimodular
f˜K0bb = −2 , f˜L0bb = +2 . (A.11)
2. ⊗−#−⊗
In this case there are two fermionic simple roots and one bosonic. The bosonic root can
belong either to the first or second copy of sl(2;C). Although the two choices are symmetric,
we shall present both for convenience.
• When the bosonic simple root comes from the first copy of sl(2;C) a choice for Cartan
generators and positive and negative simple roots is
h1 = K0 + L0 − C0 , e1 = −Q+−+ , f1 = +Q−+− ,
h2 = −2K0 , e2 = +K+ , f2 = −K− ,
h3 = K0 + L0 + C0 , e3 = −Q−−+ , f3 = −Q++− ,
(A.12)
with the corresponding symmetrised Cartan matrix given by
0 +1 0
+1 −2 +1
0 +1 0
 . (A.13)
The non-simple roots are
e12 = +Q+++ , e23 = −Q−++ , e123 = +L+ ,
f21 = −Q−−− , f32 = −Q+−− , f321 = +L− .
(A.14)
The Borel subalgebra (A.7) is non-unimodular
f˜K0bb = +2 , f˜
L0b
b = +6 . (A.15)
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• When the bosonic simple root comes from the second copy of sl(2;C) a choice for
Cartan generators and positive and negative simple roots is
h1 = −K0 − L0 + C0 , e1 = +Q−+− , f1 = +Q+−+ ,
h2 = +2L0 , e2 = +L+ , f2 = +L− ,
h3 = −K0 − L0 − C0 , e3 = +Q++− , f3 = −Q−−+ ,
(A.16)
with the corresponding symmetrised Cartan matrix given by
0 −1 0
−1 +2 −1
0 −1 0
 . (A.17)
The non-simple roots are
e12 = −Q−++ , e23 = +Q+++ , e123 = +K+ ,
f21 = +Q+−− , f32 = +Q−−− , f321 = −K− .
(A.18)
The Borel subalgebra (A.7) is non-unimodular
f˜K0bb = +6 , f˜
L0b
b = +2 . (A.19)
3. ⊗−⊗−⊗
In this case all three simple roots are fermionic. A choice of Cartan generators and positive
and negative simple roots is
h1 = +K0 + L0 + C0 , e1 = +Q++− , f1 = +Q−−+ ,
h2 = +K0 − L0 − C0 , e2 = +Q−++ , f2 = +Q+−− ,
h3 = −K0 − L0 + C0 , e3 = +Q+−+ , f3 = +Q−+− ,
(A.20)
with the corresponding symmetrised Cartan matrix given by
0 +1 0
+1 0 −1
0 −1 0
 . (A.21)
The non-simple roots are
e12 = −K+ , e23 = +L+ , e123 = −Q+++ ,
f21 = +K− , f32 = −L− , f321 = −Q−−− .
(A.22)
The Borel subalgebra (A.7) is non-unimodular
f˜K0bb = +4 , f˜
L0b
b = +4 . (A.23)
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The η-deformed models and their Poisson-Lie duals. We conclude this appendix with
a few comments on the η-deformed models that correspond to the different Drinfel’d-Jimbo
R-matrices associated to the various Cartan-Weyl bases discussed above, together with their
Poisson-Lie duals. The question of whether these η-deformations are inequivalent or not has not
been previously studied. However, the Borel subalgebra (A.7) is non-unimodular in all three
cases and thus we expect the corresponding η-deformed models to each have a Weyl anomaly.
The backgrounds of the Poisson-Lie duals with respect to the full psu(1, 1|2) superalgebra and
the Cartan subalgebra, which can be considered in all three cases, should solve the supergravity
equations as the degrees of freedom that are integrated out are associated to unimodular algebras.
As discussed in [1] one can consider Poisson-Lie duals with respect to subalgebras that correspond
to sub-Dynkin diagrams. The bosonic subalgebra su(1, 1) ⊕ su(2) corresponds to a sub-Dynkin
diagram for choice 1, but not for choices 2 and 3.
B Generators of psu(1, 1|2) and pb(1, 1|2)
In this appendix we present the matrix realisation of the superalgebras psu(1, 1|2) and pb(1, 1|2)
that we use in secs. 3 and 4. Our conventions for the former largely follow those of [40].
B.1 Generators of psu(1, 1|2)
The isometry algebra of the AdS2 × S2 supercoset is psu(1, 1|2). As a matrix superalgebra, the
complexification sl(2|2;C) is spanned by 4× 4 matrices of block form
M =
(
m θ
η n
)
, (B.1)
with vanishing supertrace, STrM = Trm− Trn = 0. The superalgebra su(1, 1|2) is a real form
of sl(2|2;C) identified by the reality condition
M †H +HM = 0 , H =
(
σ3 0
0 12
)
. (B.2)
This implies
m† = −σ3mσ3 , n† = −n , η† = −σ3θ , (B.3)
such that m and n span the unitary subalgebras u(1, 1) and u(2) respectively. The superalgebra
su(1, 1|2) contains the one-dimensional ideal u(1) generated by i14. The superalgebra psu(1, 1|2)
is defined as the quotient algebra of su(1, 1|2) over this u(1) factor.
The automorphism
Ω(M) = −
(
σ3 0
0 σ3
)(
mt −ηt
θt nt
)(
σ3 0
0 σ3
)
, (B.4)
endows the psu(1, 1|2) algebra with a Z4 grading and the elements of grade k satisfy Ω(M) =
ikM . The generators below are chosen so that they belong to a specific grading.
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Bosonic generators. Our choice for the three su(1, 1) generators is
P0 = −
(
iσ3 0
0 0
)
, P1 = −
(
σ2 0
0 0
)
, J01 = +
1
2
[P0, P1] = +
(
σ1 0
0 0
)
, (B.5)
and for the three su(2) generators
P2 = −
(
0 0
0 iσ3
)
, P3 = −
(
0 0
0 iσ2
)
, J23 = − 1
2
[P2, P3] = −
(
0 0
0 iσ1
)
. (B.6)
Here J01 and J23 generate the so(1, 1)⊕ so(2) grade 0 subalgebra. The other bosonic generators
Pa, a = 0, 1, 2, 3 are of grade 2.
Fermionic generators. The psu(1, 1|2) superalgebra also contains eight fermionic generators
QIαˇαˆ, where I = 1, 2 is the grading, αˇ = 1, 2 is the su(1, 1) index and αˆ = 1, 2 is the su(2) index.
To define their 4× 4 matrix representation, we use the following basis of Mat(2;C)
(Nαˇαˆ)βˇβˆ = δαˇβˇδαˆβˆ , αˇ, βˇ, αˆ, βˆ = 1, 2 , (B.7)
such that
Q1αˇαˆ = e
−(−1)αˆipi/4
(
0 Nαˇαˆ
iσ3(Nαˇαˆ)
tσ3 0
)
, Q2αˇαˆ = e
−(−1)αˆipi/4
(
0 iNαˇαˆ
σ3(Nαˇαˆ)
tσ3 0
)
.
(B.8)
The four generators Q1αˇαˆ belong to the grade 1 subspace and Q2αˇαˆ to the grade 3 subspace.
They satisfy the reality condition (B.2) and therefore we use real fermions θI to construct the
Grassmann envelope, θIαˇαˆQIαˇαˆ. For our conjugation conventions (2.7), we have (c θ1θ2)? =
−c? θ1θ2 for real fermions. Imposing this quantity to be real fixes the phase c = i as in eq. (2.8).
Commutation relations. The commutation relations of the su(1, 1|2) generators are (Jbc =
J01, J23)9
[P0, P1] = 2J01 , [P2, P3] = −2J23 , [Pa, Jbc] = 2(ηabPc − ηacPb) ,
[θIQI , Pa] = −iIJQJγaθI , [θIQI , Jab] = −δIJQJγabθI ,
[θIQI , λ
JQJ ] = iδ
IJθIγ0γaPaλ
J + IJθIγ0(−γ01J01 + γ23J23)λJ − iδIJθIγ014λJ .
(B.9)
For the superalgebra psu(1, 1|2), the term proportional to the identity in the final commutator
is projected out.
B.2 Generators of pb(1, 1|2)
The projected Borel subalgebra pb(1, 1|2) is spanned by the Cartan generators and the positive
roots. For the Dynkin diagram #−⊗−# with the matrix realisation of psu(1, 1|2) given above,
these can be chosen to be upper triangular matrices. The duals of the psu(1, 1|2) generators can
then be identified using the inner product (3.14).
9For the definitions of the gamma matrices refer to app. C.
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Bosonic generators. The six bosonic generators of pb(1, 1|2) are given by
P˜ 0 =
1
2
(
σ3 0
0 0
)
, P˜ 1 =
(
σ+ 0
0 0
)
, J˜01 = −i[P˜ 0, P˜ 1] =
(
−iσ+ 0
0 0
)
,
P˜ 2 =
1
2
(
0 0
0 −σ3
)
, P˜ 3 =
(
0 0
0 iσ+
)
, J˜23 = −i[P˜ 2, P˜ 3] =
(
0 0
0 −σ+
)
.
(B.10)
Fermionic generators. The eight fermionic generators are given by
Q˜1αˇαˆ = e+(−1)
αˆipi/4
(
0 iσ3Nαˇαˆσ3
0 0
)
, Q˜2αˇαˆ = e+(−1)
αˆipi/4
(
0 −σ3Nαˇαˆσ3
0 0
)
. (B.11)
Commutation relations. The bosonic generators satisfy
[P˜ 0, P˜ 1] = iJ˜01 , [P˜ 0, J˜01] = J˜01 , [P˜ 1, J˜01] = 0 ,
[P˜ 2, P˜ 3] = iJ˜23 , [P˜ 2, J˜23] = J˜23 , [P˜ 3, J˜23] = 0 .
(B.12)
The remaining commutation relations are
[θ˜IQ˜
I , P˜ a] = − 1
2
δIJ θ˜I γ˜
aQ˜J , [θ˜IQ˜
I , J˜ab] = − 1
2
IJ θ˜I γ˜
abQ˜J , [θ˜IQ˜
I , θ˜JQ˜
J ] = 0 . (B.13)
Note that the fermionic supercharges anticommute among themselves and the central element
does not appear in the commutation relations.
B.3 Mixed commutation relations
The Poisson-Lie dual of the η-deformed AdS2 × S2 supercoset with respect to the full bosonic
subalgebra su(1, 1)⊕su(2) discussed in sec. 4 follows from integrating out the degrees of freedom
associated to the algebra
k˜ = {J01, J23, Pa, Q˜Iαˇαˆ} . (B.14)
To expand the action to quadratic order in fermions the following commutation relations are
useful
[θIQI , P˜
a] = δIJQ˜Jγ0γaθI +
1
2
δIJQJ γ˜
aθI ,
[θIQI , J˜
ab] = iIJQ˜Jγ0γabθ
I − 1
2
IJQJ γ˜
abθI ,
[θIQI , θ˜JQ˜
J ] =− iδIJ θ˜J
(
γ12J˜
12 + γ34J˜
34 − 1
2
γ˜aPa
)
θI
− IJ θ˜J
( i
2
γ˜12J12 +
i
2
γ˜34J34 − γaP˜ a
)
θI .
(B.15)
C 4- and 32-dimensional gamma matrices
C.1 4-dimensional gamma matrices
Using the Pauli matrices
σ1 =
(
0 1
1 0
)
, σ2 =
(
0 −i
i 0
)
, σ3 =
(
1 0
0 −1
)
, σ+ =
(
0 1
0 0
)
, σ− =
(
0 0
1 0
)
,
(C.1)
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we define the 4-dimensional gamma matrices
γ0 = −iσ3 ⊗ 1 , γ1 = σ2 ⊗ 1 , γ01 = + 1
2
[γ0, γ1] ,
γ2 = −1⊗ iσ3 , γ3 = −1⊗ iσ1 , γ23 = − 1
2
[γ2, γ3] .
(C.2)
They do not satisfy the Clifford algebra in 1 + 3 dimensions, but {γ0, γ1} satisfy the Clifford
algebra in 1 + 1 dimensions and {γ2, γ3} in 2 dimensions. Dirac conjugation acts on real 4-
dimensional fermions as θ¯ = θ†γ0 = θtγ0. It is also be useful to introduce
γ˜0 = iγ0 , γ˜1 = iγ1 + γ01 , γ˜01 =
1
2
[γ˜0, γ˜1] ,
γ˜2 = iγ2 , γ˜3 = iγ3 + γ23 , γ˜23 =
1
2
[γ˜2, γ˜3] .
(C.3)
C.2 32-dimensional gamma matrices
We choose the following representation for the ten 32-dimensional gamma matrices appearing in
the Green Schwarz action:
Γ 0 = −iσ1 ⊗ σ3 ⊗ 1⊗ 1⊗ 1 , Γ 1 = σ1 ⊗ σ2 ⊗ 1⊗ 1⊗ 1 ,
Γ 2 = −σ2 ⊗ 1⊗ σ3 ⊗ 1⊗ 1 , Γ 3 = −σ2 ⊗ 1⊗ σ1 ⊗ 1⊗ 1 ,
Γ 4 = σ2 ⊗ 1⊗ σ2 ⊗ 1⊗ σ1 , Γ 5 = σ1 ⊗ σ1 ⊗ 1⊗ σ1 ⊗ 1 ,
Γ 6 = σ2 ⊗ 1⊗ σ2 ⊗ 1⊗ σ2 , Γ 7 = σ1 ⊗ σ1 ⊗ 1⊗ σ2 ⊗ 1 ,
Γ 8 = σ2 ⊗ 1⊗ σ2 ⊗ 1⊗ σ3 , Γ 9 = σ1 ⊗ σ1 ⊗ 1⊗ σ3 ⊗ 1 .
(C.4)
They satisfy the Clifford algebra in 1 + 9 dimensions, {ΓA, ΓB} = 2ηAB, and are related to the
4-dimensional gamma matrices by
Γ a = σ1 ⊗ γa ⊗ 14 , a = 0, 1 , Γ a = −iσ2 ⊗ γa ⊗ 14 , a = 2, 3 . (C.5)
Furthermore,
Γ 11 = Γ 0Γ 1Γ 2Γ 3Γ 4Γ 5Γ 6Γ 7Γ 8Γ 9 =
(
−1 0
0 1
)
. (C.6)
Dirac conjugation acts on 32-component spinors as Θ¯ = Θ†Γ 0 and the Majorana condition is
Θ¯ = ΘtC , (C.7)
where the charge conjugation is defined as
C = iσ1 ⊗ σ3 ⊗ 1⊗ σ2 ⊗ σ2 , C2 = −132 , (CΓ a)t = CΓ a . (C.8)
D Field redefinitions
In this appendix we present the field redefinitions that bring the Poisson-Lie dual of the η-
deformed AdS2 × S2 supercoset with respect to the full bosonic subalgebra su(1, 1) ⊕ su(2) to
Green-Schwarz form. Following the same notation as in subsec 4.3 we split the Lagrangian into
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four distinct parts, L = L0+L∂+Lm+L∂∂ . The terms quadratic in the fermions can also be split
according to their symmetry properties under the exchange of the two fermions, L∂ = L∂+ +L∂−.
To match the form of the Green-Schwarz Lagrangian we first show that L∂∂ is a total derivative
and thus can be ignored. We then identify L∂± and find the appropriate shift of the bosons
cancelling the terms with the wrong symmetry property, that is so that L∂+ + (δL0)∂+ = 0.
Finally, we rewrite the remaining terms, L∂−+ (δL0)∂−, in Green-Schwarz form with a rotation of
the fermions.
Contribution to L∂∂ . Parametrising the field of the deformed supercoset sigma model as in
eq. (4.11)
k = g˜0e
χ , g˜0 ∈ G˜0 , χ ≡ θIαˇαˆQIαˇαˆ , (D.1)
we expand the action (2.17) to quadratic order in χ and find
L∂∂ = − T
κ
〈
∂+χ,Pm˜F−10 Pm∂−χ
〉
. (D.2)
On an element of the Grassmann envelope the operator Pm˜F−10 Pm acts as
Pm˜F−10 Pm(θ
IQI) =
i
2η
θI(η δIJ + σIJ1 )γ
0Q˜J , (D.3)
and is thus antisymmetric with respect to the inner product. Moreover, since it does not depend
on the bosons, L∂∂ can be rewritten
L∂∂ = − T
2κ
αβ∂α
〈
χ,Pm˜F−10 Pm∂βχ
〉
, (D.4)
where α, β = +,− and +− = −−+ = 1, thus showing that L∂∂ is a total derivative.
Contribution to L∂ . The terms in the Lagrangian containing one derivative acting on the
fermions are
L∂ =− T
κ
(〈
g˜−10 ∂+g˜0,Pg0(F
−1
0 +Π(g˜0))
−1(Pg˜0 + Pg˜0F
−1
0 Pg0) adχ(Pm˜F
−1
0 Pm − 12Pm)∂−χ
〉
+
〈
∂+χ, (Pm˜F−10 Pm +
1
2Pm˜) adχ(Pg0 − Pg˜0F−10 Pg0)(F−10 +Π(g˜0))−1Pg˜0 g˜−10 ∂−g˜0
〉)
.
(D.5)
To bring this expression closer to Green-Schwarz form we rewrite it in terms of the fermions θI .
We start by expanding the bosonic currents10
g˜−10 ∂αg˜0 = eαaP˜
a + eα01J˜
01 + eα23J˜
23 ≡ eαAT˜A , (D.6)
where we have introduced eαA = eMA∂αXM and eαAB = eMAB∂αXM . The bosonic coordinates
XM parametrise the group element g˜0. We also define the operator
F = Pg0(F
−1
0 +Π(g˜0))
−1Pg˜0 , F (T˜
A) = FBATB , (D.7)
10In this appendix we use TA for the bosonic generators of psu(1, 1|2). The index A takes the values A = a, 01, 23,
with Ta = Pa, T01 = J01 and T23 = J23. Similarly, T˜A are the bosonic generators of pb(1, 1|2), with T˜ a = P˜ a,
T˜ 01 = J˜01, T˜ 23 = J˜23.
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which can be written as F = G+B, where G is the symmetric and B the antisymmetric part of
F with respect of the inner product. Then using the action of the operator F−10 : g→ g˜ on the
Grassmann envelope11
F−10 (Jab) = 0 , F
−1
0 (Pa) = −
4η
1− η2 P˜a , F
−1
0 (θ
IQI) =
i
2η
θI(η δIJ + σIJ1 )γ
0Q˜J , (D.8)
together with the commutation relations between elements of psu(1, 1|2) and pb(1, 1|2) given in
app. B, the part of the Lagrangian given in eq. (D.5) can be written in the form
L∂ = θI(σαβ1 f IJα,− + αβgIJα,− + σαβ1 f IJα,+ + αβgIJα,+)∂βθJ
≡ L∂,σ1− + L∂,− + L∂,σ1+ + L∂,+ ,
(D.9)
where f IJα,± = f IJM,±∂αXM , gIJα,± = gIJM,±∂αXM and
f IJα,− = −i
T
2
eαAγ
0
(
− σIJ3 GAa +
( 1 + η2
1− η2 δ
IJ − 2η
1− η2 σ
IJ
1
)
BAa
)
γa ,
gIJα,− = −i
T
2
eαAγ
0
(
− σIJ3 BAa +
( 1 + η2
1− η2 δ
IJ − 2η
1− η2 σ
IJ
1
)
GAa
)
γa ,
f IJα,+ = −i
T
2
eαAγ
0
(
IJηGAaγa
+ i
(
ηδIJ − σIJ1
)((
GA01 − 2η
1− η2 B
A1
)
γ01 +
(
GA23 +
2η
1− η2 B
A3
)
γ23
))
,
gIJα,+ = −i
T
2
eαAγ
0
(
IJηBAaγa
+ i
(
ηδIJ − σIJ1
)((
BA01 − 2η
1− η2 G
A1
)
γ01 +
(
BA23 +
2η
1− η2 G
A3
)
γ23
))
.
(D.10)
The field redefinitions should then be chosen such that L∂,σ1+ + L∂,+ + (δL0)∂+ = 0 and L∂,σ1− +
L∂,− + (δL0)∂− = Lˆ∂GS up to total derivatives. The first condition can be satisfied with a shift of
the bosons, while the second requires a rotation of the fermions.
Shift of the bosons. Under a shift of the bosons
XM → XM − 1
2
GMNθIf IJN,+θ
J , M = 0, 1, 2, 3 , (D.11)
where GMN is the inverse of the metric of the λ?-deformed model on AdS2× S2, new terms with
one derivative acting on the fermions and new “mass” terms arise from the bosonic Lagrangian
L0 → L0 + (δL0)∂,σ1+ + (δL0)m+ . (D.12)
In the particular example we are interested in, namely the λ?-deformed model on AdS2×S2, the
antisymmetric B-field vanishes and these additional terms are given by
(δL0)∂,σ1+ =− σαβ1 θIf IJα,+∂βθJ ,
(δL0)m+ =−
1
2
σαβ1 ∂αX
MθI
(
GMN∂β(G
NQf IJQ,+) +
1
2
∂PGMN∂βX
NGPQf IJQ,+
)
θJ .
(D.13)
11The indices a = 0, 1, 2, 3 are raised and lowered with ηab = diag(−1,+1,+1,+1)ab.
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The shift (D.11) thus guarantees
L∂,σ1+ + (δL0)∂,σ1+ = 0 . (D.14)
It is not sufficient to cancel L∂,+ , however using integration by parts one can rewrite these terms
such that the derivatives act only on the bosons, giving new “mass” terms. Explicitly, one has
L∂,+ = αβθIgIJα,+∂βθJ =
1
2
∂β
(
αβθIgIJα,+θ
J
)− 1
2
αβθI∂βg
IJ
α,+θ
J
= total derivative + (δL∂)m+ .
(D.15)
Finally, after performing the field redefinition (D.11) the only surviving terms are
L∂ = L∂− = L∂,σ1− + L∂,− , (D.16)
with
L∂,σ1− = −i
T
2
σαβ1 eαAθ
Iγ0
(
− σIJ3 GAa +
( 1 + η2
1− η2 δ
IJ − 2η
1− η2 σ
IJ
1
)
BAa
)
γa ∂βθ
J ,
L∂,− = −i
T
2
αβeαAθ
Iγ0
(
− σIJ3 BAa +
( 1 + η2
1− η2 δ
IJ − 2η
1− η2 σ
IJ
1
)
GAa
)
γa ∂βθ
J ,
(D.17)
and one should add (δL0)m+ + (δL∂)m+ to the “mass” terms.
Rotation of the fermions. The final task is then to bring the remaining terms in L∂ to
Green-Schwarz form
Lˆ∂GS = i
√
T
2
b(I)b(J)θˆ
Iγ0
(
δIJσαβ1 + σ
IJ
3 
αβ
)
Eαaγ
a∂β θˆ
J , (D.18)
where we have used the Majorana condition (4.41). To proceed we compare the terms propor-
tional to σαβ1 and 
αβ . Adding and subtracting the two resulting equations leads to√
T
2
eαA(G+B)
AaθIγ0
(
σIJ3 −
1 + η2
1− η2 δ
IJ +
2η
1− η2 σ
IJ
1
)
γa ∂βθ
J = 2(b(1))
2Eαaθˆ
1γ0γa∂β θˆ
1 ,√
T
2
eαA(G−B)AaθIγ0
(
σIJ3 +
1 + η2
1− η2 δ
IJ − 2η
1− η2 σ
IJ
1
)
γa ∂βθ
J = 2(b(2))
2Eαaθˆ
2γ0γa∂β θˆ
2 ,
(D.19)
where we note that only θˆ1 or θˆ2 appear on the right-hand side. To match this structure on the
left-hand side we perform the following rotation of the fermions
θI = U IJ θˆJ , U IJ =
1√
1− η2 (ηδ
IJ + σIJ1 )U(J) , (D.20)
where U(J), J = 1, 2, are two 4 × 4 matrices that are to be determined. This redefinition may
lead to new “mass” terms ∼ θˆKU IK∂βUJLθˆL as the rotation matrices may in principle depend
on the bosons. We will see that this is not the case here: the two rotation matrices U(J) do not
depend on the bosons. Defining U¯(I) = γ0U t(I)γ0 and implementing the transformation (D.20)
the equations we are left to solve are√
T
2
1
(b(1))2
eαA(G+B)
AaU¯(1)γaU(1) = Eαaγ
a ,√
T
2
1
(b(2))2
eαA(G−B)AaU¯(2)γaU(2) = −Eαaγa .
(D.21)
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Let us now choose the specific parametrisation of g˜0 in eq. (4.12) together with the coordinate
redefinition (4.16). Enumerating the bosonic coordinates as X0 = pˇ, X1 = qˇ, X2 = pˆ and
X3 = qˆ, we find
epˇ0 = − 1√
pˇ2 + qˇ2 − 1 , epˆ2 =
1√
pˆ2 − qˆ2 − 1 ,
eqˇ0 =
1√
pˇ2 + qˇ2 − 1
qˇ√
pˇ2 + qˇ2 − 1− pˇ , eqˆ2 =
1√
pˆ2 − qˆ2 − 1
qˆ√
pˆ2 − qˆ2 − 1− pˆ ,
eqˇ01 =
1√
pˇ2 + qˇ2 − 1− pˇ , eqˆ23 =
1√
pˆ2 − qˆ2 − 1− pˆ ,
(D.22)
while the actions of the operator F = G+B and its transpose F t = G−B on P˜ a are
(G±B)(P˜ 0) = 1
2κ
P0 − 1
2κ
qˇ√
pˇ2 + qˇ2 − 1 J01 ,
(G±B)(P˜ 1) = ± 1
2
( pˇ√
pˇ2 + qˇ2 − 1 − 1
)
J01 ,
(G±B)(P˜ 2) = − 1
2κ
P2 +
1
2κ
qˆ√
pˆ2 − qˆ2 − 1 J23 ,
(G±B)(P˜ 3) = ± 1
2
(
1− pˆ√
pˆ2 − qˆ2 − 1
)
J23 .
(D.23)
From this it follows that
eαA(G+B)
Aa =
1√
2T
(σ3 ⊗ σ3)abηbcEαc , eαA(G−B)Aa = 1√
2T
(σ3 ⊗ 1)abηbcEαc , (D.24)
and eqs. (D.21) then take the form
1
2(b(1))2
U¯(1)(σ3 ⊗ σ3)abγaU(1) = +γb , 1
2(b(2))2
U¯(2)(σ3 ⊗ 1)abγaU(2) = −γb . (D.25)
These equations do not admit solutions for arbitrary coefficients b(I). Working with the choice
(4.42) we find
U¯(1)γaU(1) = −γa , a = 0, 3 , U¯(1)γaU(1) = γa , a = 1, 2 ,
U¯(2)γaU(2) = −γa , a = 0, 1 , U¯(2)γaU(2) = γa , a = 2, 3 ,
(D.26)
for which a solution is given by
U(1) = γ
0γ3 , U(2) = γ
0γ1 . (D.27)
Therefore, the field redefinition (D.20) does not depend on the bosons and there are no additional
“mass” terms coming from the rotation of the fermions.
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